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oaCTICN  I 
INTRODUCTION 


(U)  This  technical  report  provides  a  general  description,  pertinent 
technical  information,  and  the  program  schedule  for  the  XLR129-P-1 
demonstrator  engine  being  designed,  fabricated,  and  tested  under 
Contract  F0461 1-68-C-0002 .  In  addition,  parametric  data  on  the  per* 
formance,  weight,  and  size  of  reusable  rocket  engines  which  could  result 
from  an  engineering  development  program  is  provided  for  use  in  vehicle 
and  mission  studies, 

(C)  Data  are  presented  for  high  pressure  (3000-psia  chamber  pressure) 
staged-combustion,  pump-fed,  oxygen-hydrogen,  engines  with  transpiration- 
cooled  thrust  chambers  and  regenerative ly  and  dump-cooled  nozzles. 

(U)  By  combining  interchangeable  nozzle  extensions  with  a  basic  turbo¬ 
pump  and  combustion  chamber  module,  the  engine  can  be  tailored  to 
specific  rocket  stage  requirements.  Data  are  provided  for  conventional 
fixed  nozzle  engine  configurations  and  two-position  nozzle  engine  con¬ 
figurations  for  various  nozzle  expansion  ratios  and  contours.  The  two- 
position  nozzle  concept  is  based  on  part  of  the  nozzle  being  retracted 
over  the  forward  portion  of  the  thrust  chamber  during  low  altitude  opera¬ 
tion  and  extended  to  the  high  area  ratio  position  for  high  altitude  opera¬ 
tion,  This  principle  enables  the  high  pressure  engine  to  have  an  exhaust 
nozzle  that  is  optimized  for  both  high  altitude  and  low  altitude  operation. 
In  addition,  the  two-position  nozzle  will  provide  high  specific  impulse 
in  vehicle  installations  where  the  length  of  the  engine  is  limited.  Dump 
cooling  is  used  for  the  extendible  portion  of  the  nozzle,  which  also 
permits  lightweight  nczzle  construction. 
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SECTION  R 
SUMMARY 
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SECTION  II 
SUMMARY 


(U)  Information  presented  on  the  XLR129-P-1  demonstrator  engine  include 
the  overall  engine  design  characteristics,  an  installation  drawing,  a 
flow  schematic,  the  engine  Internal  design  parameters,  the  component 
and  engine  weight,  a  schedule  of  the  demonstrator  engine  program,  start 
and  shutdown  thrust  versus  time  curves,  and  engine/vehicle  interface 
propellant  requirements. 

(U)  The  parametric  performance  data,  which  are  presented  for  the 
LR129-P-1  flight  rocket  engine,  include  delivered  vacuum  specific  im¬ 
pulse  versus  nozzle  expansion  area  ratio  for  three  nozzle  contours  and 
five  mixture  ratios;  specific  Impulse  versus  altitude  for  fixed  nozzle 
and  two  types  of  two-position  nozzle  engine  configurations.  In  addi¬ 
tion,  parametric  data  are  presented  for  engine  weight,  diameter,  and 
length  versus  nozzle  expansion  ratio  for  three  nozzle  contours.  Also 
included  is  a  throttling  curve  that  presents  delivered  vacuum  specific 
impulse  at  various  throttling  conditions  for  five  different  mixture 
ratios . 
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SECTION  III 
DEMONSTRATOR  ENGINE 


A.  ENGINE  CHARACTERISTICS 

(U)  The  design  and  demonstration  characteristics  for  the  XLR129-P-1 
demonstrator  engine  are  shown  in  Table  I. 

(C)(U)  Table  I.  Demonstrator  Engine  Characteristics 

Nominal  Thrust  250,000- lb  vacuum  thrust  with  area  ratio  of  166:1 

244,000- lb  vacuum  thrust  with  area  ratio  of  75:1 
209,000- lb  sea  level  thrust  with  area  ratio  of  35:1 

Minimum  Delivered  967.  of  theoretical  shifting  I3  at  nominal  thrust; 

Specific  Impulse  947.  of  theoretical  shifting  Is  during  throttling 

Efficiency 

Throttling  Range  Continuous  from  100  to  207.  of  nominal  thrust 

over  the  mixture  ratio  range 

Overall  Mixture  Engine  operation  from  5.0:1  to  7.0:1 

Ratio  Range 

Rated  Chamber  2740  psia 

Pressure 

Engine  Weight  3520  lb  (with  flight-type  actuators  and  engine 

(with  75:1  nozzle)  command  unit) 

3380  lb  (less  flight-type  actuators  and  engine 
command  unit) 

Expansion  Ratio  Two-position  booster-type  nozzle  with  area  ratios 

of  35:1  and  75:1 

Durability  10  hours  time  between  overhauls,  100  reuses, 

300  starts,  300  thermal  cycles,  10,000  valve 
eye  Les 

Single  Continuous  Capability  from  10  seconds  to  600  seconds 

Run  Duration 

Engine  Starts  Multiple  restart  at  sea  level  or  altitude 

Thrust  Vector  Amplitude:  ±7  deg; 

Control  Rate:  30  deg/sec;  . 

Acceleration:  30  rad/sec^ 

Control  Capability  ±37.  accuracy  in  thrust  and  mixture  ratio  at  nominal 

thrust.  Excursions  from  extreme  to  extreme  in 
thrust  and  mixture  ratio  within  5  seconds. 
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(C)(U) 

Table  I.  Demonstrator  Engine  Characteristics 
(Continued ) 

Propellant 

Conditions 

LOj:  16  ft  NPSH  from  1  atmosphere  boiling 
temperature  to  180°R 

LHj :  60  ft  NPSH  from  1  atmosphere  boiling 
temperature  to  45°R 

Environmental 
Cond itions 

Sea  level  to  vacuum  conditions 

Combined  acceleration:  10  g's  axial 
with  2  g's  transverse,  6.5  g's  axial 
with  3  g's  transverse,  3  g's  axial 
with  6  g's  transverse 

Engine /Vehicle 

The  engine  will  receive  no  external  power, 
with  the  exception  of  normal  electrical  power 
and  1500-psia  helium  from  the  vehicle 

B.  ENGINE  INSTALLATION  DRAWING 


(U)  The  general  component  arrangement  of  the  XLR129-P-1  demonstrator 
engine  is  illustrated  in  Figure  1.  An  installation  drawing  with  envelope 
dimensions,  including  the  retracted  (stowed)  length  and  extended  length 
of  the  engine,  is  provided  as  Figure  2.  The  primary  interfaces,  such  as 
the  propellant  inlet  connections  and  gimbal  attachment  locations,  are 
also  shown.  It  is  estimated  that  the  maximum  actuator  load  during 
gimbaling  of  the  demonstrator  engine  is  50,000  lb.  The  power  to  gimbal 
the  engine  is  approximately  80  horsepower. 

C.  ENGINE  FLOW  SCHEMATIC 

(U)  A  simplified  propellant  flow  schematic  Illustrating  the  propellant 
flow  paths  and  functional  component  arrangement  of  the  engine  is  shown 
in  Figure  3.  The  XLR129-P-1  high  pressure  rocket  engine  uses  a  staged 
combustion  cycle  in  which  most  of  the  fuel  is  burned  with  a  portion  of 
the  oxidizer  in  the  preburner  to  provide  turbopump  power  before  combus¬ 
tion  with  the  remainder  of  the  oxidizer  in  the  main  burner  chamber. 

Fuel  and  oxidizer  enter  the  engine  through  the  engine  driven  low-speed 
inducers.  The  low-speed  Inducers  are  used  to  minimize  the  fuel  tank 
pressure  requirements,  while  allowing  high-speed  main  propellant  pumps 
for  high  turbopump  efficiencies.  The  fuel  low-speed  Inducer  is  a  single 
shaft  unit  with  an  axial  flow  inducer  driven  by  a  two-stage,  axial-flow, 
partial-admission  impulse  turbine.  The  oxidizer  low-speed  inducer  is 
also  a  single  shaft  unit  with  an  axial  flow  inducer  driven  by  a  single 
stage  radial  Inflow  turbine. 
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(U)  Figure  1.  XLR129-P-1  Demonstrator  Engine  FDC  27532 


7/8 

TNlO  NANI  CONTAINS  tUOJICT  MATTId  COVCftCD  BY  A  BOCHCCV 
O«0f*  WITH  A  MOOirriMO  BOCWOITT  *«OUIOiM«NTO  rtONIT" 
IBSUCO  or  U  l.  COMMIOOIONOII  OB  PAYtNTS. 


FD  27725 


(U)  Figure  3.  Simplified  XLR129-P-1  Demon-  FD  21002C 

strator  Engine  Propellant  Flow 
Schematic 

(U)  The  main  fuel  turbopump  is  a  single  shaft  unit  with  two  back-to-back 
centrifugal  pump  stages  driven  by  a  two-stage,  pressure-compounded  tur¬ 
bine.  The  fuel  flow  is  pumped  Lu  the  system  operating  pressure  levels 
by  the  main  fuel  pump.  The  hydrogen  i3  then  ducted  to  cool  the  regenera¬ 
tive  sections  of  the  nozzles.  The  principal  fuel  flow  path  from  the  pump 
is  through  the  upstream  portion  of  the  primary  nozzle,  and  then  into  the 
preburner  chamber  through  the  preburner  injector.  The  remainder  of  the 
fuel  flows  through  the  downstream  portion  of  the  primary  nozzle  and  then 
through  the  fuel  low-speed  inducer  drive  turbine  prior  to  being  passed 
into  the  main  chamber  as  transpiration  coolant.  A  small  amount  of  fuc L 
is  bled  off  between  the  main  fuel  pump  stages  to  provide  coolant  tor 
the  two-position  nozzle.  This  coolant  flows  to  the  nozzle  through  a 
regulating  orifice  and  a  shutoff  valve  that  is  provided  to  stop  the  flow 
when  the  two-position  nozzle  is  in  the  retracted  position.  The  area 
ratio,  at  which  the  fixed  primary  nozzle  ends  ard  the  two-position, 
translating  nozzle  starts,  is  varied  to  optimize  the  performance  for  the 
specific  application. 

(U)  The  oxidizer  turbopump  is  a  single  shaft  unit  with  a  single,  centrif¬ 
ugal  pump  stage  driven  by  a  two-stage,  pressure-compounded  turbine. 

After  being  pumped  to  the  system  operating  pressure  levels  by  the  main 
oxidizer  pump,  the  oxidizer  is  divided  between  the  preburner  and  the 
main  burner  chamber.  The  principal  oxidizer  flow  passes  through  and  is 
the  working  fluid  for  the  oxidizer  low-speed  inducer  turbine  before  being 
injected  into  the  main  chamber.  The  remainder,  a  smaller  scheduled 
portion  of  the  oxidizer,  is  ducted  to  the  preburner  where  it  is  burned 
with  the  fuel.  The  resulting  combustion  products  flow  through  ducts  to 


CONFIDENTIAL 

(This  pags  il  Undauilied) 


CONFIDENTIAL 


the  two  main  turbines,  which  are  arranged  in  parallel.  The  energy 
required  to  drive  the  main  pumps  is  extracted  from  these  combustion 
products,  which  then  exhaust  from  the  turbines  and  mix  in  a  common 
passage  of  the  transition  case.  These  gases  then  pass  through  the  main 
burner  injector  and  into  the  main  burner  combustion  chamber  where  they 
mix  and  burn  with  the  principal  oxidizer  flow.  These  combustion  gases 
are  then  expanded  through  the  bell  nozzle  to  provide  thrust. 

(U)  The  preburner  injector  consists  of  dual-orifice,  tangent ial-swlr ler 
oxidizer  injector  elements  and  fixed  area  fuel  injector  elements.  A 
preburner  oxidizer  valve  is  incorporated  at  the  inlet  to  the  injector 
assembly  to  vary  the  total  oxidizer  flow  rate  for  turbine  inlet  tempera¬ 
ture  control  and  to  adjust  the  relative  flow  of  the  primary  and  secondary 
oxidizer  elements.  The  preburner  eombuscion  chamber  is  contained  within 
the  transition  case,  which  also  contains  the  turbine  drive  gas  duct3. 

The  main  turbopumps  are  attached  to  the  transition  case  with  a  single 
flange  and  bolt  circle  arrangement  to  provide  ease  of  access  for  turbo¬ 
pump  maintenance. 

(C)  The  main  chamber  injector  consists  of  fixed-area,  tangential-swirler 
oxygen  injection  elements  arranged  in  radial  spraybars  The  fuel  side 
(preburner  ga3  after  expansion  through  the  turbine)  is  a  fixed  area  design 
that  ducts  fuel-rich  gas  around  each  row  of  oxidizer  injector  points.  A 
small  portion  of  the  fuel-rich  gas  flows  through  a  porous  face  to  provide 
cooling.  The  combustion  chamber  wall  is  composed  of  a  fuel  cooled  liner 
extending  from  the  injector  face  through  the  throat  region  to  a  nozzle 
area  ratio  of  5.3.  The  liner  is  composed  of  porous  wafer  plates,  which 
provides  the  transpiration  cooling. 

(U)  The  nozzle,  which  attaches  downstream  of  the  throat,  is  composed  of 
two  regeneratively  cooled  primary  sections  and  a  low-pressure,  dump-cooled, 
two-position  nozzle.  The  regeneratively  cooled  sections  are  conventional 
tubular  heat  exchangers,  the  two-position  nozzle  employs  lightweight  sheet 
metal  construction. 

(U)  A  more  complete  system  schematic,  including  all  main  propellant  lines, 
recirculation  lines,  electrical  interconnections,  and  the  helium  systems 
is  shown  in  Figure  4, 

D.  ENGINE  AND  COMPONENT  OPERATING  PARAMETERS 

(C)  The  component  and  engine  system  steady-state  operating  parameters 
are  presented  in  Table  II  for  mixture  ratios  of  5,  6',  and  7  at  1007.  and 
207.  thrust. 


CONFIDENTIAL 


XLR129-P-1  Demonstrator  Engine  Operating  Characteristics ,  Hooster 
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(C)(U)  Table  11.  XLR129-P-1  Demonstrator  Engine  Operating  Characteristics.  Booster  (Continued) 
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E.  SUMMARY  WEICHT  TABLE 

(U)  The  estimated  dry  weights  of  the  major  components  of  the  demonstrator 
and  flight  engines  are  shown  in  Table  III.  The  demonstrator  dry  engine 
weights  are  based  upon  lightweight  component  designs  with  the  additional 
margins  required  for  a  low  risk  demonstrator  engine  program.  The  flight 
engine  dry  weights  are  based  upon  the  normal  improvements  and  weight 
reduction  that  would  materialise  as  a  result  of  an  engineering  develop¬ 
ment  program. 


(C)(U)  Table  III.  Engine  Weights  (Dry) 


Item 

Demonstrator 
Engine  (<  ■  75) 

Flight 

Engine  (t  ■  75) 

Preburner  and  Hardware 

90 

70 

Transition  Case  and  Clmbal 

370 

285 

Main  Burner  Injector  and  Hardware 

115 

85 

Main  Burner  Chamber 

425 

330 

Nozzle  and  Actuation 

640 

460 

Fuel  Turbopump 

480 

380 

Oxidizer  Turbopump 

•»35 

250 

Low-Speed  Inducers 

*35 

185 

Controls 

305 

240 

Plumbing 

310 

240 

Miscellaneous 

_Z5 

55 

Total 

*Does  not  include  valve  actuators 

3380* 

2580 

F.  START  AND  SHUTDOWN  CURVE 

(C)  The  start  and  shutdown  transient  curve  from  the  XLR129-P-1  demon¬ 
strator  engine  is  shown  in  Figure  5.  This  curve  presents  percent  thrust 
versus  time,  and  shows  four  distinct  modes  of  operations  (1)  start  to 
minimum  thrust  in  approximately  1  second,  (2)  accelerations  to  100% 
thrust,  (3)  decelerations  to  idle,  and  (4)  shutdowns. 
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(U)  Figure  5.  Estimated  Start  and  Shutdown  DFC  69931 

Transient  Characteristics 

G.  ENGINE  INLET  CONDITION  CURVES 

(U)  The  ranges  of  temperature,  pressure  and  NPSH  conditions  required 
at  the  inlet  to  the  fuel  and  oxidizer  low-speed  inducers  are  shown  in 
Figures  6  and  7. 

(U)  The  relationship  required  between  fuel  temperature  and  oxidizer  tern 
perature,  so  that  the  engine  thrust  and  mixture  ratio  will  remain  at 
their  set  points  within  the  specified  control  accuracy  (^37.),  is  shown 
in  Figure  8. 

H.  PROGRAM  SCHEDULE 

(U)  The  XLR129-P-1  demonstrator  engine  program  schedule  is  shown  in 
Figure  9.  This  is  a  54-month  program  that  began  on  6  November  1967. 

The  program  has  been  divided  into  five  phases.  The  first  phase,  which 
has  already  been  completed,  generated  test  and  analytical  data  to  com¬ 
plete  the  technology  necessary  to  design  the  engine  and  components. 
During  the  second  phase  all  the  components  will  be  designed.  The  com¬ 
ponents  will  be  fabricated  and  tested  to  qualify  them  for  engine  use 
during  the  third  phase.  The  fourth  phase  is  the  integration  of  the 
components  into  the  demonstrator  engine  and  the  testing  of  the  demon¬ 
strator  engine.  The  fifth  phase  is  the  definition  of  the  flight  engine 
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Operating  DFC  b9932  (U)  Figure  7.  Oxidizer  Inlet  Operating  DrC  69933 
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(U)  Figure  8.  Propellant  Temperature  Limits  DF  70473 

for  Full  Trim  Capability 


□  (Supporting  Test) 


1  Nov 

1967  1968  I960  1970  1971  1972 


CALENDAR  YEARS 

(U)  Figure  9.  XLR129-P-1  Demonstrator  Engine  FD  27857 

Program  Schedule 
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SECTION  IV 
FLIGHT  ENGINE 


A.  INTRODUCTION 

(U)  The  flight  engine  configuration  will  be  based  on  the  results  of  the 
XLR129-R-1  demonstrator  engine  program.  During  a  subsequent  engineering 
development  program  further  tests  would  be  conducted  to  refine  the  engine 
to  meet  the  f  1  ightweight  criteria  and  to  develop  the  level  of  system 
maturity  required  for  flight  operation.  The  additional  development 
effort  is  a  logical  extension  of  the  demonstrator  program. 

B.  DESCRIPTION 
1.  General 

(C)  The  s taged-combus tion ,  high-pressure  oxygen/hydrogen  rocket  engine 
is  a  versatile,  high  performance  propulsion  system  for  use  in  both  upper 
and  lower  stages  of  advanced  vehicles.  This  reusable  engine  is  capable 
of  maintaining  constant  thrust  over  a  mixture  ratio  range  of  5  to  7. 

Nozzle  interchangeability  and  the  use  of  the  two-pos ition  nozzle  con¬ 
cept  permit  operation  of  the  same  engine  system  with  optimum  nozzle 
area  ratios  for  improving  the  performance  of  the  lower  stages  within 
the  atmosphere  as  well  as  providing  the  high  performance  attainable  with 
very  high  area  ratio  nozzles  in  the  upper  stages.  Interchangeab i 1 i fy 
is  achieved  by  attaching  the  desired  nozzle  to  a  fixed  turbomachinerv 
power  package.  The  area  ratio  at  which  the  primary  (fixed)  nozzle  ends 
and  the  two  position  (translating)  skirt  starts,  can  be  varied  to 
optimize  nor  f  orr-Anm  for  rho  Anoriffr  Ann  I  i  r  a  r  ion  ,  The  general  propellant 
flow  schematic  of  the  LR129-P-1  flight  engine  is  the  same  as  shown  for 
the  demonstrator  engine  in  Figure  3.  Engine  nomenclature  is  illustrated 
in  Figure  10. 

2.  Nozzle  Concepts 

a.  Two-Position  Nozzle  Concept 

(U)  The  two-position  nozzle  concept  consists  of  a  translating  two-posi¬ 
tion  nozzle  and  a  fixed  primary  bell  nozzle.  The  two-position  nozzle  is 
in  the  retracted  position  for  sea  level  operation  thus  eliminating  over- 
expansion  losses  associated  with  the  Larger  area  ratio  section  of  the 
nozzle.  This  concept,  combined  with  high  chamber  pressure,  provides  a 
compact  engine  package  chat  provides  superior  low  altitude  performance. 

The  two-position  nozzle  is  translated  to  the  extended  position  for  high 
altitude  operation.  On  upper  stage  applications,  the  two-position 
nozzle  is  in  the  retracted  position  before  stage  separation  Co  provide 
a  compact  engine  package,  and  is  then  extended  after  staging. 
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(U)  Figure  10.  Engine  Configuration  With  KD  2ii52A 

Two-Position  Nozzle 

(C)  Data  for  two  types  of  two-position  nozzles  are  presented  in  this 
report;  (1)  a  configuration  with  a  35.1  primary  nozzle  expansion  ratio 
and  various  overall  expansion  ratios  and  (2)  alternatives  which  produce 
minimum  stowed  length  of  the  engine  with  the  nozzle  retracted. 

(C)  In  general,  lower  stage  engines,  which  operate  both  at  low-altitude 
and  in  vacuum,  will  have  a  relatively  low  primary  expansion  ratio. 

Pratt  &  Whitney  Aircraft  studies  have  shown  the  35:1  primary  expansion 
ratio  to  be  near  optimum.  These  studies  have  also  shown  that  overall 
(extended)  nozzle  expansion  ratios  for  these  applications  are  also  some¬ 
what  low  and  in  the  50:1  to  150:1  range.  High  efficiency  contours 
usually  produce  the  best  performance  in  these  applications. 

(C)  When  the  primary  nozzle  expansion  ratio  fp  (or  the  breakpoint  be¬ 
tween  the  stationary  and  the  movr.ble  portions  of  the  nozzle),  is  in  the 
35:1  to  80:1  range,  it  is  possible  to  move  the  nozzle  far  enough  forward 
to  provide  the  altitude  compensating  feature.  The  two-position  nozzle, 
however,  cannot  be  moved  completely  forward  to  the  gimbal  axis  because 
of  Interference  with  the  turbopumps  and  plumbing.  Where  short  length 
and  nigh  expansion  ratio*  arc  primary  installation  goals  (e.g.,  upper 
stage),  it.  is  generally  desirable  to  accomplish  the  breakpoint  at  an 
area  ratio  greater  than  80:1  so  that  the  translating  portion  of  the 
nozzle  can  be  moved  back  as  close  as  possible  to  the  engine  gimbal  axis. 
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Because  In  upper  stage  applications  the  engine  would  not  generally  be 
fired  with  the  nozzle  retracted,  the  breakpoint  could  be  selected  to  pro* 
vide  the  shortest  possible  engine  stowed  length  and  the  maximum  engine 
expansion  ratio.  The  engine  stowed  length  curves  presented  in  this 
report  rct'lect  these  considerations. 

b.  Nozzle  Contour 

(T)  Cngine  length,  weight,  and  performance  are  functions  of  the  exhaust 
nozzle  contour.  In  general,  shorter  length  contours  yield  lower  nozzle 
performance.  Therefore,  in  addition  to  optimization  of  the  area  ratio, 
the  optimization  of  a  bell  nozzle  engine  includes  the  selection  of  the 
shape  or  contour  of  the  nozzle.  The  bell  nozzle  contours  used  by  Pratt  & 
Whitney  Aircraft  are  selected  from  a  family  of  truncated  perfect  nozzles. 
Perfect  nozzles  are  defined  as  those  that,  at  a  prescribed  area  ratio, 
expand  a  gas  flow  from  the  throat  of  the  nozzle  to  a  uniform  and  parallel 
flow  at  the  nozzle  exit.  Using  the  method  of  characteristics,  a  series 
of  perfect  nozzle  contours  may  be  computed  as  a  function  of  this  "design" 
area  ratio.  The  contour  surface  at  any  diameter  and  length  along  the 
nozzle  may  be  plotted  in  nondimens  iona l  form  as  shown  in  Figure  11.  The 
integrated  thrust  ard  surface  area  can  also  be  calculated  at  axial  loca- 
tlons  along  the  nozzle.  The  calculation  procedure  includes  the  effect  of 
friction  and  varying  thermodynamic  properties  of  the  reacting  gases. 
Representative  results  of  this  detailed  analysis  can  be  plotted  as  shown 
in  Figure  12,  which  presents  contour  coordinates  for  perfect  bell  nozzles 
with  lines  of  constant  surface  area  and  constant  vacuum  thrust  coefficients 
superimposed . 


(U)  Figure  li.  Perfect  Nozzle  Contours 
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(LM  A  perfect  nozzle  contour  does  not  necessarily  produce  optimum  engine 
or  vehicle  performance.  Because  a  perfect  nozzle  is  constrained  to  pro¬ 
duce  completely  axial  flow  at  the  exit,  a  considerable  part  of  the  rear 
section  of  the  nozzle  is  involved  in  the  final  flow  turning  process. 

In  a  real  nozzle,  the  friction  losses  here  are  greater  than  the  perform¬ 
ance  gains  that  accrue  from  the  final  flow  straightening.  Therefore, 
maximum  nozzle  performance  is  obtained  by  shortening  or  truncating  the 
perfect  nozzle.  Further,  in  real  vehicles  there  are  engine  length 
penalties  such  that  additional  truncation  may  be  required  to  produce 
maximum  vehicle  performance.  Pratt  &  Whitney  Aircrc.ft  K»s  definad 
a  scries  of  three  nozzle  length  truncations  of  the  ab>  'efinod  per¬ 
fect  nozzle  for  application  to  real  vehicles.  These  taxations 
(referred  to  as  nozzle  contours  in  this  report)  are  described  as 
follows: 

1.  Maximum  Performance  Nozzle  (MCS) 

2.  Minimum  Surface  Area  Nozzle  (MSA) 

3.  Base  Nozzle. 

Those  three  nozzle  truncations  are  shown  schemat ica 1 ly  in  Figure  1 1 . 


(U)  Figure  13.  Nozzle  Contour  FD  22438A 

(C)  So  that  the  method  used  in  establishing  MC0 ,  MSA,  and  Base  Nozzle 
contours  can  be  more  easily  identified,  a  representative  portion  of  the 
Information  given  in  Figure  12  is  shown  in  Figure  14. 

(U)  Nozzles  with  minimum  surface  area  (MSA  nozzles)  for  a  given  thrust 
are  defined  by  the  locus  of  points  for  which  a  line  of  constant  thrust 
coefficient  (Cyvac)  and  a  line  of  constant  surface  area- to- throat  area 
ratio  (As/At)  are  tangent.  This  is  shown  as  point  A  on  Figure  14. 
Maximum  nozzle  efficiency  (MCS)  for  a  given  thrust  ere  defined  by  the 
locus  of  points  for  which  the  lines  of  constant  thrust  coefficient 
(CFvac)  have  zero  slope  (point  B  on  Figure  14).  It  should  be  noted 
th.'.t  the  maximum  performance  nozzle  (point  B)  is  still  short  of  the 
full  length  perfect  nozzle  because  frictional  drag  has  been  included. 
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(U)  Figure  14.  Contour  Optimization 


FD  6263C 


(U)  A  third  type  of  nozzle  truncation  considered  is  referred  to  as  a 
base  nozzle  contour.  This  truncation  has  resulted  from  experience  with 
various  optimization  studies  and  generally  produces  nearly  optimum 
balance  of  weight  and  performance,  particularly  for  lower  stage  applica¬ 
tions.  While  this  contour  is  not  established  directly  from  analysis  of 
Figure  14,  it  falls  approximately  half-way  between  points  A  (MSA)  and 
S  (MCS).  The  relationship  between  truncated  area  ratio  and  "design" 
area  ratio  for  base  nozzle  contours  is  shown  in  Figure  15. 


(U)  Figure  15.  Base  Truncations  of  Perfect  FDC  27861 

Nozzles 
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(t')  Nozzle  truncations  considered  In  the  parametric  data  of  this  report 
are:  maximum  performance,  base,  and  minimum  surface  area  nozzle  contours. 
I’ratc  i,  Whitney  Aircraft  preliminary  ongtne/vohiclo  studies  have  shown 
that  the  best  upper  stage  performance  is  generally  obtained  by  using  the 
base  nozzle  or  minimum  surface  area  nozzle  contour. 

3.  Flight  Engine  Characteristics 

(U)  Preliminary  design  characteristics  for  the  flight  engine  are  pro¬ 
vided  in  Table  IV. 

(C)(U)  Table  IV.  Flight  Engine  Characteristics 

Nominal  Thrust  To  bo  determined  from  parametric  data 

Minimum  Delivered  1007.  nominal  thrust  -  96. Th 

Specific  Impulse  20',  nominal  thrust  -  95. 47, 

Efficiency  (All  of  these  conditions  are  with  an  expansion 

ratio  of  100:1,  mixture  ratio  of  7  and  MSA  nozzle) 

Throttling  Range  Continuous  from  100  to  207.  of  nominal  thrust,  over 

the  mixture  ratio  range 

Overall  Mixture  Engine  operation  from  5.0:1  to  7.0:1 

Ratio  Range 

Rated  Chamber  3000  psia 

Pressure 

Durability  10  hours  time  between  overhauls,  100  reuses, 

300  starts,  300  thermal  cycles,  10,000  valve 
eye  les 

Single  Continuous  Capability  from  10  seconds  to  600  seconds 

Run  Duration 

Engine  Starts  Multiple  restart  at  sea  level  or  altitude 

Thrust  Vector  Amplitude:  i7  deg; 

Control  Rate:  30  deg/sec; 

Acceleration:  30  rad/sec^ 

Control  Capability  i37,  accuracy  in  thrust  and  mixture  ratio  at 

nominal  thrust.  Excursions  from  extreme  to 
extreme  in  thrust  and  mixture  ratio  within 
5  seconds 

Propellant  LO2 :  16  ft  NPSH  from  l  atmosphere  boiling 

Conditions  temperature  to  180“R 

LH2 :  60  ft  NPSH  from  i  atmosphere  boiling 
temperature  to  45°R 
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(C'Hin  Table  IV.  Flight  Engine  Characteristic*  (Continued) 


Environmental 

Conditions 


Engino/Vehlc le 


Sea  level  to  vacuum  conditions 
Combined  acceleration:  10  g's  axial  with 

2  g's  transverie,  6.5  g's  axial  with 

3  g's  transverse,  3  g's  axial  with 
6  g's  transverse 

The  engine  will  receive  no  external  power, 
with  the  exception  of  normal  electrical  power 
and  1500-psla  helium  from  the  vehicle 


A 


4.  Cycle  Balance 

(C)  A  250K  LR129-P-1  flight  engine  system  and  component  operating  param¬ 
eters  at  1007.  and  207  thrust  and  mixture  ratios  of  5,  6,  and  7  are 
presented  In  Table  V. 

5.  Schedule  With  Cost 

(U)  The  schedules  of  the  flight  engine  development  program  to  PFRT  as 
related  to  the  XLR129-P-1  demonstrator  engine  program  are  shown  In 
Figure  16.  The  estimated  development  costs  to  PFRT  and  Qualification 
as  a  function  of  rated  thrust  between  100K  and  500K.  are  shown  In  Fig¬ 
ure  17. 


C.  PARAMETRIC  ENGINE  DATA 
l.  General 

(U)  Parametric  engine  data  are  presented  In  this  section  for  two  basic 
configurations:  (l)  engines  equipped  with  two-posltlon  exhaust  nozzles 
and  (2)  engines  using  conventional  fixed  exhaust  nozzles. 

(C)  The  two-posltlon  nozzle  engines  may  be  configured  to  provide  either 
(1)  high  sea  level  performance  or  (2)  mLnlmum  stowed  length;  the  selec¬ 
tion  of  the  primary  nozzle  expansion  ratio  «p)  depending  upon  the 
application.  The  above  objectives  are  achieved  by  having  the  two- 
posltlon  nozzle  retract  from  a  nozzle  expansion  ratio  of  35  (denoted 
by  <p  ■  35)  mainly  for  lower  stage  applications  or  from  the  expansion 
ratio  that  will  provide  minimum  stowed  length  (denoted  by  tp  •  minimum). 

(C)  Engine  data  provided  for  the  fixed  and  two-position  nozzle  engine 
configurations  are:  (l)  performance  (specific  Impulse),  (2)  weight, 
and  (3)  envelope.  These  data  are  for  a  vacuum  thrust  range  of  100,000  lb 
(100K)  to  500,000  lb  (500K) ,  mixture  ratios  from  5  to  7,  and  nozzle 
expansion  ratios  (<)  35  to  400  for  three  nozzle  truncations  or  contours), 
as  applicable.  Nozzle  truncations  considered  in  these  data  presentations 
are  maximum  performance  (MCS) ,  base,  and  minimum  surface  area  (MSA)  nozzle 
contours.  A  discussion  of  nozzle  contours  is  provided  In  Section  II. 
Engine  dimensions  and  nomenclature  are  Illustrated  In  Figure  10. 
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(C)(U)  Table  V.  Estimated  E  light  Engine  Operating  Characteristics  Upper  Stage:  Nozzle  Extended 


(C)(U)  Table  V.  Estimated  Flight  Engine  Operating  Characteristics  Upper  Stage: 
Nozzle  Extended  (Continued) 
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(U)  Figure  16.  XLR129-P-1  Demonstrator  Engine  FD  24282A 

Program 


(U)  Figure  17.  Estimated  Engine  Development  FD  27781 

Co«ts,  Oxygen/Hydrogen  Engines 

(C)  The  engine  characteristic*  of  specific  impulse,  weight,  and  envelope 
are  based  on  the  following: 

•  Performance  attainable  at  the  time  of  preliminary  flight 
rating  test  (PFRT) 

•  Engine  inlet  propellant  condition*: 

Minimum  required  hydrogen  net  positive  section  head 
(NPSH)  -  60  ft 

CONFIDENTIAL 


_ 

( 

n  ir 

o  * 

CONFIDENTIAL 


Minimum  required  oxygen  net  positive  suction  hesd 
(NPSH)  -  16  ft 

•  Continuous  throttling  capability  between  100*4  and  20%  of 
rated  thrust 

•  Mixture  ratio  range  of  5  to  7  at  all  thrust  levels 

•  Thrust  vector  control  provided  by  mechanical  glmballng, 
i7  degrees 

•  Durability  of  10  hours  time  between  overhaul  (TBO) ,  100 
reuses,  300  starts,  300  thermal  cycles,  and  10,000  valve 
cycles 

•  Lightweight,  dump-cooled  nozzle  construction 

c  Performance  based  on  the  use  of  nozzle  dump  cooling  for 
expansion  ratios  greater  than  33 

•  For  high  expansion  ratio  nozzles,  radiation  cooling  is 
used  aft  of  the  lowest  expansion  ratio  permitted  by  heat 
flux  levels.  (This  expansion  ratio  varies  over  the  para¬ 
metric  range,  but  is  approximately  200.)  If  radiation 
cooled  nozzle  skirts  were  not  used,  an  insignificant  in¬ 
crease  in  engine  weight  would  result. 

2.  Engine*  Performance 

a.  General 

(U)  Vacuum  specific  Impulse,  sea  level  specific  Impulse,  altitude  per¬ 
formance,  and  throttling  performance  are  presented  in  this  section  for 
fixed  and  two-position  nozzle  engine  configurations. 

b.  Vacuum  Performance 

(C)  Vacuum  specific  impulse  data  are  presented  in  Figures  18  through  20 
as  a  function  of  nozzle  expansion  ratio.  Data  arc  presented  for  maximum 
performance  (MCS),  base,  and  minimum  surface  area  (MSA)  nozzle  contours. 
These  curves,  which  cover  a  nozzle  expansion  ratio  range  of  35  to  400, 
are  applicable  for  all  lightweight-nozzle  (fixed  and  two-position) 
engine  configurations  in  which  dump  cooling  begins  at  an  expansion  ratio 
of  35:1.  Vacuum  specific  impulse  is  very  nearly  independent  of  thrust 
level  in  the  range  of  100K  to  50QK;  this  is  particularly  so  between 
20CK  and  500K. 


CONFIDENTIAL 


fjQ 

•01  ll C  UI*AN>  .00  Ul 1  )  • 


(U)  Figure  19.  Vacuum  Specific  Impulse  vs  DFC  702 

Nozzle  Expansion  Ratio 
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i  V  i  Ki  .vii'c  .'ii .  Vacuum  Spec  i  l  ie  I  mpulse  vs 
Nozzle  Expansion  Ratio 


ore:  7o29v 


c.  Alt  Undo  Performance 
i  1 i  ihnera L 

tl'i  Altitude  performance  for  engines  equipped  with  1  i nh two i j;h C  nozzles 
is  snown  m  figures  zl  through  2n.  These  data  arc  presented  as  the 
rati.'  of  specific  impulse  (at  altitude)  to  vacuum  specific  impulse 
t  I  s  a  1 1  *vue*‘  versus  altitude  as  a  function  of  nozzle  expansion  ratio. 

The  altitude  range  is  from  sea  level  to  200,000  ft  (vacuum  conditions). 

The  thrust  at  any  altitude  may  also  be  obtained  by  use  of  these  curves 
because  !sjU  Ivac  *  f'a[t  Pv3(; •  Estimated  nozzle  flow  separation 
altitude  is  also  shown,  where  applicable,  for  the  higher  expansion  ratios. 

i.2>  Two-l’os  itiun  Nozzle  Engine  Configurations 

(  i)  Primary  Nozz te  Area  Ratio  »  J5 

(C  >  Altitu.b.'  performance  for  two-position  nozzle  engine  configurations 
hrving  a  primary  nozzle  expansion  ratio  of  35  (>p  ■  35)  is  shown  in  fig¬ 
ures  21  through  2J  for  MCS ,  base,  and  MSA  nozzle  contours.  These  curves 
present  altitude  performance  for  ihe  engines  with  the  two-position  nozzle 
in  the  extended  position  for  high  altitude  operation  and  with  it  retracted 
for  operation  at  lower  altitudes.  The  inflection  points  in  these  figures 
result  from  the  translation  of  the  two-position  nozzle,  These  data  are 
usable  for  the  entire  parametric  range  of  mixture  ratios  without  sig¬ 
nificant  error.  These  data  are  independent  of  thrust  level  for  a  con¬ 
stant  primary  expansion  ratio.  The  nozzle  expansion  ratio  range  pro¬ 
vided  in  these  curves  is  from  t  ■  50  to  (  »  150. 
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lb)  Primary  Nozzle  Area  Kutlo  dized  for  Minimum  Stowed  Length 

it'i  Altitude  periormutKo  lor  two-position  nozzle  engine  cottf  igurac  ions 
that  provide  mi  nlmum  stowed  length  ■  minimum)  is  presented  in  Fig* 
ores  ,2..  t  trough  2'j , 

(O  As  i:\  the  ease  of  two-position  nozzles  with  a  constant  primary  nozzle 
expansion  ratio  <<  »  l>>,  the  variation  in  altitude  performance  resulting 

fret  mixture  ratio  is  insignificant.  Tliere  is  an  additional  effect  caused 
hv  the  variation  in  the  primary  nozzle  expansion  ratio  as  a  function  of 
thrust  level,  l'his  effect  is  also  general  ly  small  and  produces  a  total 
error,  Including  mixture  ratio  eifects,  which  Is  no  more  than  '0.5'  in 
sea  level  performance.  Variations  in  primary  nozzle  expansion  ratio  also 
affect  the  secondary  nozzle  .translation  altitude  (the  altitude  at  which 
the  secondare  nozzle  is  translated  to  its  extended  position  for  high 
performance  operation! ;  the  resultant  effect  in  translation  altitude  Is 
approximately  ' jOOO  foot,  because  all  the  variations  cited  above  are 
relatively  small,  a  sincte  curve  for  r  »  u.O  is  presented  for  altitude 
performance  for  each  nozzle  contour.  Nozzle  expansion  ratios  for  these 
curves  cover  the  ranee  from  <  *  SO  to  (  *  dOO. 

ill  FiXied  Nozzle  Lngine  (■  >nf igurattons  , 

(<2)  Altitude  performance  for  fixed  nozzle  .engine  configurations  is 
presented  in  Figure  27  for  nozzle  expansion  ratios  of  t  »  35  to  <  «*  400. 
it  can' be  seen  from  this  f l cute  that  tower  stage  applications,  with  nozzle 
expansion  ratios  greater  tiiau  approximately  100:1  are  not  practical  with 
fixed  nozzles  because  of  nozzle  i  low  separation  at  low  altitudes. 

d.  Sea  Level  Performance 

( 1 )  Centra  l 

(C)  To  facilitate  vehicle  sizing  and  to  allow  a  d/rect  comparison  of  sen 
level  performance,  sea  level  specific  impulse  is  presented  in  Figures  2o 
trirough  10  as  a  function  of  overall  nozzle  expansion  ratio.  Data  are 
provided  for  three  nozzle  contours  for  fixed  nozzle  and  two-position  nozzle 
(«p  *  33)  engine  cent  i  gurat  ions . 

(2)  Two* this ic Inn  (*p  *  35)  and  Fixed  Nozzle  Kngtne  'Configurations 

(C)  Sea  level  specific  impulse  for  two-position  nozzle  engine  configura¬ 
tions  having  a  primary  nozzle  expansion  ratio  of  35  is  presented  tor 
overall  expansion  ratios  of  50  to  150.  dea  level  specific  impulse  for 
fixed  nozzle  engine  configurations  is  presented  for  ex  sion  ratios  35 
to  100.  Flow  separation  at  sea  level  occurs  in  fixed  nozzles  with  expan¬ 
sion  ratios  approximately  100  or  ’rearer, 
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(f)  Figure  2  7.  Altitude  Her formance  OF C  69930 
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1 1')  Figure  28.  Sea  Level  Specific  Impulse  vs 
Nozz  le  Expansion  Ratio 


•v.  *  V  , 

- <  ,'V- 


CONFBENTUL 


tl‘)  Figure  29.  Sea  Level  Specific  Inpulse  vs 
Nozzle  Expansion  Ratio 
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(T)  Figure  Jt ' .  Soj  Level  Specific  Impulse  vs  DKC  70357 

Nozzle  i-.xp.ins  ion  Rati.' 

lC)  A  compar is.*n  of  the  sea  level  specific  impulse  attainable  with  fixed 
nozzle  and  two-position  nozzle  engine  conf  i  gtirnt  ions  shows  the  significant 
ir.:pr<  'venen  c  in  perf  eraanre  c/iat  resales  from  the  use  of  a  cwo-pos  i  t  ion 
nozzle.  In  the  case  of  two-position  nozzle  engine  conf durations  for  use 
in  lower  stjge  applications,  the  translating  nozzle  is  in  the  retracted 
position  for  sea  level  and  low  altitude  operation.  With  the  two-position 
nozzle  retracted,  the  engine  operates  with  a  low  expansion  ratio  (<0  =  35). 
This  produces  a  higher  sea  level  specific  impulse  than  that  obtainable 
with  a  fixed  nozzle  having  the  same  overall  nozzie  expansion  ratio.  A 
two-position  nozzle  engine  coni izurat ion  with  an  overall  nozzle  expansion 
ratio  of  100  and  a  primary  nozzle  expansion  ratio  of  35  will  prov'dc  a 
sea  level  specific  impulse  that  is  approx imate ly  50  seconds  greater  than 
that  attainable  with  a  fixed  nozzle  for  the  same  conditions  of  nozzle 
contour,  mixture  ratio,  and  vacuum  thrust.  Sea  level  thrust  would  be 
increased  in  the  same  proportions. 

c.  Tli  roe  tied  Performance 

(C)  Throttling  performance  of  high  pressure  entires  is  shown  in  Figure  31. 
This  figure  presents  the  ratio  of  specific  impulse  at  throttled  conditions 
to  nominal  specific  impulse  versus  percent  nominal  thrust  as  a  function 
of  mixture  ratio  (r  3  5.0  to  r  3  7.0).  The  effect  of  nozzle  expansion 
ratio  on  throttled  performance  is  insignificant  (leas  than  0.1/,)  and  can 
be  disregarded. 
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(U)  Figure  31.  Vacuum  Specific  Impulse  for  DFC  69984 

Throttled  Conditions 


3.  Engine  Weight 
a.  General 

(U)  Engine  dry  weight  for  fixed  and  two-position  nozzle  engine  configura¬ 
tions  are  presented  in  Figure  32  through  40  for  MCS,  base,  and  MSA 
nozzle  contours  as  functions  of  vacuum  thrust  and  nozzle  expansion  ratio. 


(U)  The  total  engine  dry  weight  includes  the  weight  of  all  engine  com¬ 
ponents  on  the  engine  side  of  the  vehicle/engine  interface.  Speclfl- 


cally, 

it  includes  the  following: 

1. 

Thrust  chamber  (transpiration  cooled) 

2. 

Exhaust  nozzle  (regenerative  and  dump-cooled  sections) 

3. 

Nozzle  translating  mechanism  (where  applicable) 

4. 

Preburner  assembly 

5. 

Fuel  and  oxidizer  turbopump  assemblies 

6. 

Transition  case  and  gimbal 

7. 

Engine-mounted  and  driven  fuel  and  oxidizer 

low- 

-speed  inducers 

8. 

Ignition  system 

9. 

Engine  controls,  shutoff  valves,  and  actuators; 

and  plumbing 

10. 

Gimbal  and  actuator  arm  attachment  brackets 
thrust  vector  control. 

for 

mechanical 

Fllght  instrumentation  and  its  hardware,  and  TVC  actuator  mechanisms 
are  not  Included  in  engine  weight. 
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b.  Two-Position  Nestle  and  Fixed  Nettle  Engine  Configurations 

(C)  The  total  weight  of  two-position  nettle  engines  having  a  constant 
primary  nettle  expansion  ratio,  tp  ■  35,  Are  presented  in  Figures  32 
through  34  for  a  nettle  expansion  ratio  range  of  t  ■  50  to  (  *  150. 

Engine  weights  for  configurations  having  tp  *  minimum  are  shown  in 
Figures  35  through  37  for  notzle  expansion  ratios  (  ■  80  to  t  «  400. 

Fixed  nozzle  engine  weights  are  presented  in  Figures  3d  through  40. 

Engine  weight  differences  between  the  two  translating  nozzle  configura¬ 
tions,  «p  ■  35  and  <p  for  minimum  stowed  lengths,  arc  caused  by  varying 
nozzle  translating  mechanism  requirements. 

(U)  Relatively  flat  slopes  for  engine  weight  as  a  function  of  nozzle 
expansion  ratio  arc  obtained  with  dump-cooled,  lightweight  nozzle  engine 
configurations.  This  is  a  result,  primarily,  of  using  lightweight  nozzle 
construction  for  dump  cooling  beyond  an  area  ratio  of  35.  A3  the  overall 
nozzle  expansion  ratio  is  increased,  the  surface  area  of  the  rogencra- 
tivcly  cooled  portion  of  the  nozzle  (to  €  “35  in  all  cases)  becomes 
smaller  because  of  the  change  in  the  contouring  of  the  nozzle  (which 
results  from  the  change  in  overall  expansion  ratio)  and  thus  the  nozzle 
becomes  lighter.  Conversely,  the  dump-cooled  portion  of  the  nozzle 
becomes  larger  and  increases  in  weight  as  overall  nozzle  expansion 
ratio  is  increased.  The  net  result  is  a  relatively  small  increase  in 
total  engine  weight  with  Increasing  expansion  ratio  for  all  thrust  levels. 
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(U)  Figure  32.  Total  Engine  Weight  vs  Nozzle  DFC  70300 

Expansion  Ratio 
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(U)  Figure  33.  Total  Engine  Weight  vs  Nozzle  DFC  7030). 

Expansion  Ratio 


(U)  Figure  34.  Total  Engine  Weight  va  Nozzle  DFC  70302 

Expansion  Ratio 
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figure  36. 
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(U)  Figure  40.  Total  Engine  Weight  ve  Nozzle  DFC  70308 

Expansion  Ratio 
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4.  Engine  Envelope 
a.  General 

(U)  Engine  dimensions  of  overall  (nozzle)  exit  diameter,  overall  length, 
and  stowed  lengths  (for  two-posit  ion  nozzle  engine  configurations)  are 
presented  in  this  section  in  Figures  41  through  50  as  a  function  of 
nozzle  expansion  ratio.  Length  data  are  presented  for  three  nozzle 
contours;  MCg ,  base,  and  MSA.  Because  overall  exit  diameter  is  not 
significantly  affected  by  nozzle  contour,  only  a  single  figure  is  pre¬ 
sented  for  this  parameter.  Primary  nozzle  expansion  ratio  as  a  function 
of  overall  nozzle  expansion  ratio  for  minimum  stowed  length  engine  con¬ 
figurations  is  presented  in  Figures  51  through  53. 

(C)  Stowed  engine  length  for  two-position  nozzle  engine  configurations, 
in  addition  to  being  a  function  of  thrust  level  and  nozzle  expansion 
ratio,  is  also  dependent  upon  the  expansion  ratio  of  the  primary  nozzle. 
For  lower  stage  applications,  a  small  primary  nozzle  expansion  ratio, 
tp  ■  35,  generally  produces  the  best  performance;  in  upper  stages, 
larger  primary  expansion  ratios,  <p  5  80,  provide  minimum  stowed  length. 

(C)  When  the  primary  nozzle  expansion  ratio  is  set  at  a  constant  value 
(i.e.,  <p  *  35),  the  primary  nozzle  exit  plane  determines  the  stowed 
length  for  low  overall  expansion  ratios.  As  the  overall  expansion  ratio 
is  increased,  a  point  is  reached  where  che  two-position  nozzle  determines 
the  stowed  length.  The  inflection  points  in  the  curves  of  stowed  length 
occur  where  the  exit  planes  of  the  primary  and  two-position  nozzles  are 
in  alignment. 

b.  Diameter 

(C)  Overall  exit  diameter  is  presented  in  Figure  4).  as  a  function  of 
vacuum  thrust  for  nozzle  expansion  ratios  t  «  35  to  f  ■  400.  This  curve 
may  be  used  for  all  nozzle  truncations  (contours). 

c  Length 

(1)  Overall  Length 

(C)  Engine  overall  length  for  fixed  and  two-position  nozzle  configura¬ 
tions  is  presented  in  Figures  42  through  44  for  each  nozzle  contour  as 
a  function  of  nozzle  expansion  ratio,  t  *  35  to  t  »  400. 

(2)  Stowed  and  Minimum  Stowed  Length 

(C)  Engine  stowed  length  for  «p  «  35  is  presented  in  Figures  45  through  47 
Minimum  stowed  length  («p  *  minimum)  is  presented  in  Figures  48  through  50 
Stowed  length  curves  are  presented  for  each  cf  three  nozzle  contours  as  a 
function  of  nozzle  expansion  i«tio. 

(U)  For  minimum  stowed  engine  length,  two  hardware  geometry  considerations 
are  the  determining  factors:  (1)  the  nozzle  translating  mechanism  and 
(2)  Che  turbomachinery  or  power  package.  Inflections  in  the  minimum 
stowed  length  curves  are  caused  by  a  changeover  in  the  limiting  factor. 
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(U)  Figure  47.  S Coved  Length  vs  Nozzle  DFC  70364 

Expansion  Ratio 
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(U)  Figure  48.  Minimum  Stowed  Length  vs 
Nozzle  Expansion  Ratio 
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(U)  Figure  51.  Primary  Nozzle  Expansion  Ratio  DFC  70360 
vs  Nozzle  Expansion  Ratio 


(U)  Figure  52.  Primary  Nozzlu  Expansion  Ratio  DFC  70358 
vs  Nozzle  Expansion  Ratio 
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(U)  Figure  53.  Primary  Nozzle  Expansion  Ratio  DFC  70359 
vs  Nozzle  Expansion  Ratio 

D.  ENGINE/ VEHICLE  INTERFACE  DATA 

1.  General 

(U)  Engine/Vehicle  interface  data  are  presented  in  the  tables  of  this 
section  as  a  function  of  thrust  level  in  50K  increments.  These  data 
are  based  on  the  demonstrator  engine  configuration.  These  interface 
data  include  inlet  condition  operating  region,  engine  inlet  and  TVC 
actuator  arm  attach  point  locations,  engine  inlet  and  power  package 
diameters,  TVC  actuator  arm  loads  and  auxiliary  power  available  from 
the  engine. 

2.  Engine  Inlet  Conditions 

(C)  The  high  pressure  engines  are  designed  to  be  capable  of  operating 
over  a  wide  range  of  fuel  and  oxidizer  inlet  conditions  provided  minimum 
net  positive  suction  head  (NPSH)  requirements  are  met.  The  flight  en> 
glne  inlet  operating  regions  are  the  same  as  those  for  the  demonstrator 
engine  (see  Figures  5  and  6)  with  minimum  required  NPSH's  of  60  feet 
and  16  feet  at  the  fuel  and  oxidizer  inlets,  respectively.  If  special 
vehicle  operating  conditions  require  inlet  conditions  outside  of  the 
normal  engine  operating  regions,  these  should  be  coordinated  with 
Pratt  &  Whitney  Aircraft  to  ensure  englne/vehlc le  compatibility. 

3.  Engine /Vehicle  Interface  Locations 

(U)  Engine  inlet  and  actuator  arm  attach  point  locations  are  presented 
in  Table  VI.  These  dimensions  are  referenced  to  the  engine  X,  Y,  and 
2  axes  shown  in  Figure  54.  The  engine  fuel  and  oxidizer  inlet  flanges 
are  in  the  same  plane  as  the  gimbal  axis  of  the  engine. 
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(U)  Table  VI.  Location  of  Engine  Inlets  and 
Actuator  Arm  Attach  Points 


Dimension  (in.) 

100 

Vacuum  Thrust 

150  200  250 

(Thousands  of  lb) 
300  350  400 

450 

500 

A 

12 

14 

16 

18 

20 

22 

23 

25 

26 

B 

5 

6 

7 

8 

8 

9 

10 

10 

11 

C 

11 

14 

16 

18 

19 

21 

22 

24 

25 

D 

9 

11 

13 

14 

15 

17 

18 

19 

20 

E 

8 

9 

11 

12 

13 

14 

15 

16 

17 

F 

3 

3 

4 

4 

4 

5 

5 

5 

6 

C 

2 

2 

2 

3 

3 

3 

3 

4 

4 

H 

8 

10 

12 

13 

14 

15 

16 

17 

18 

I 

20 

20 

21 

21 

22 

22 

23 

23 

24 

(U)  Figure  54.  Engine/Vehicle  Interface  FD  27786A 

Locations 


^efer  to  Figure  54 
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4.  Inlet  Line  end  Power  Package  Diameters 

(U)  Fuel  and  oxidizer  inlet  line  diameters  at  the  engine/vehicle  inter¬ 
face  (low-speed  Inducer  inlets)  arc  presented  in  Table  VII,  The  diameters 
of  the  inlets  are  determined  by  propellant  NPSH  and  engine  cycle  require¬ 
ments. 

(U)  The  engine  power  package  consists  of  the  turbomachinery,  preburner, 
main  burner  injector  and  chamber  and  the  associated  plumbing  lines;  it 
is  essentially  the  entire  engine  except  for  the  exhaust  nozzle.  The 
power  package  maximum  diameter  occurs  in  the  plane  of  the  main  turbo¬ 
pumps  and  preburner  parallel  to  the  gimbal  axis,  and  generally  does  not 
exceed  a  diameter  equivalent  to  that  for  a  nozzle  expansion  ratio  of  80. 
The  power  package  diameters  are  presented  in  Table  VII. 


(U)  Table  VII.  Power  Package  Diameter,  Oxidizer 


and 

Fuel 

Inlet 

Diameters 

Vacuum 

Thrus  t 

(Thousands 

of  lb) 

100 

150 

200 

250 

300 

350 

400 

450 

500 

Power  Package 
Diameter  (in.) 

41 

50 

58 

65 

71 

76 

82 

87 

92 

Oxidizer  Inlet 
Diameter  (in.) 

7 

9 

10 

12 

13 

14 

15 

16 

17 

Fuel  Inlet 
Diameter  (in.) 

8 

9 

11 

12 

13 

15 

16 

17 

18 

5.  Gimbal  Loads 

(C)  Thrust  vector  control  (TVC)  for  the  high  pressure  engines  is  accom¬ 
plished  by  mechanical  gimbaling.  Two  actuator  arms  attach  to  the  engine 
at  points  90  degrees  apart.  The  estimated  maximum  gimbal  loads  (for  each 
actuator  arm)  are  presented  in  Table  VIII.  Gimbal  loads  were  based  on 
the  following  gimbaling  requirements: 

Anglv  -  i7  deg 
Velocity  -  30  deg/sec 
Rate  -  30  rad/sec^ 

6.  Auxiliary  Power 

(U)  The  high  pressure  engines  are  designed  to  provide  auxiliary  (accessory) 
power  for  TVC  and  other  uses.  The  maximum  power  availability  is  presented 
in  Table  VIII. 
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(U)  Table  VIII.  Gtmbal  Loads  and  Auxiliary  Power 
Available  from  the  Engine 


Vacuum  Thrust  (Thousands  of  lb) 


100 

150 

200 

250 

300 

350 

400 

450 

500 

Clmbal  Loads 
(Thousands  of  lb) 

16 

22 

28 

33 

39 

45 

51 

56 

62 

Auxiliary  Power 
(Horsepower) 

43 

60 

80 

100 

117 

134 

151 

168 

185 

62 
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ever.  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  TORES:  Kay  words  are  technically  meaningful  terms 
or  short  phrases  that  characterise  o  report  and  may  be  naed  as 
Index  an  tries  for  cataloging  tha  report.  Key  words  most  be 
selected  so  that  no  security  classification  la  required.  Identi¬ 
fier*,  such  aa  equipment  modal  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  bat  still  be  followed  by  an  indication  of  technical  con¬ 
text.  Tha  assignment  of  links,  rales,  and  weights  la  optional. 
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